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ABSTRACT 
A global warming of two degrees Celsius is predicted to drive almost half the 
world's lizard populations to extinction. Currently, the Phoenix metropolitan region in 
Arizona, USA, is an average of 3 oC warmer than the surrounding desert. Using a bare lot 
as a control, I placed copper lizard models with data loggers in several vegetation and 
irrigation treatments that represent the dominant backyard landscaping styles in Phoenix 
(grassy mesic with mist irrigation, drip irrigated xeric, unirrigated native, and a hybrid 
style known as oasis). Lizard activity time in summer is currently restricted to a few 
hours in un-irrigated native desert landscaping, while heavily irrigated grass and shade 
trees allow for continual activity during even the hottest days. Maintaining the existing 
diversity of landscaping styles (as part of an ongoing mitigation strategy targeted at 
humans) will be beneficial for lizards. Fourteen native lizard species inhabit the desert 
surrounding Phoenix, AZ, USA, but only two species persist within heavily developed 
areas. This pattern is best explained by a combination of socioeconomic status, land 
cover, and location. Lizard diversity is highest in affluent areas and lizard abundance is 
greatest near large patches of open desert. The percentage of building cover has a strong 
negative impact on both diversity and abundance. Despite Phoenix's intense urban heat 
island effect, which strongly constrains the potential activity and microhabitat use of 
lizards in summer, thermal patterns have not yet impacted their distribution and relative 
abundance at larger scales. With the rise of designer habitats and citizen scientists, 
ecologists and the general public will play a broader role in evaluating and managing 
urban parks and green spaces in America. This revised decision making process would 
benefit from the inclusion of concepts from environmental ethics like ecological 
 ii 
citizenship, as well as a re-evaluation of traditional conservation priorities. A reduced 
emphasis on large protected areas, native biodiversity, static park designs, and hard 
boundaries between nature and the city would allow for a new generation of ethical urban 
environments, which can provide a wider array of current benefits while remaining 
adaptable to the needs and values of future generations. 
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PREFACE 
Two questions have driven my work over the past six years, (1) does the urban 
heat island effect (UHI) influence lizards, and (2) how could the science of urban ecology 
reshape environmental decision making processes in cities? Chapter one summarizes my 
major findings and places them in a broader context based on the science and practice of 
urban ecology over the past decade. As much of this dissertation has been previously 
published, the articles based on my three main projects were reproduced in an appendix 
to avoid the appearance of copyright infringement. Their relationships are shown in the 
following diagram.  
 
Appendix A describes how local landscaping decisions shape the body 
temperatures and activity patterns of lizards on small and medium spatiotemporal scales. 
Appendix B describes how large and medium scale changes in urban land cover impact 
the diversity of lizard communities and population abundances. Appendix C describes the 
process of how value-based environmental decisions are made at various mitigation 
scales in cities, and how conflicts arise from mutually exclusive design goals pertaining 
to urban parks and green space. The epilogue in appendix D explores how my empirical 
work in appendix A and B is related to the themes of environmental ethics and social 
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justice in appendix C by showing how this knowledge of urban policy processes 
influences how I design and execute ecological studies in landscapes which are 
continuously altered by human decisions before, during, and after data collection.
CHAPTER 1 
REVIEW AND SYNTHESIS 
 
As environments shaped by natural process are additionally modified by human 
ecosystem engineering, the basic organismal objectives of survival and reproduction 
become increasingly hard to meet for many species, often leading to a reduction in 
biodiversity.  In environments like cities, human activities are driving ecological change 
alongside temperature and rainfall, prompting a scientific shift from study the ecology of 
organisms in cities, to the study of cities as dynamic ecosystems with their own ecology 
(Grimm, Grove et al. 2000). Amazingly, socioeconomic variables like household income 
now exert a greater influence on plants and reptiles than biophysical variables in some 
cases (Luck, Smallbone et al. 2009; Ackley, Wu et al. 2015). 
 Reviews and compilations of vertebrate ecology from an urban ecosystem 
perspective were first developed for avian species (Marzluff 2001), aided by a large 
number of preexisting studies of birds in cities. Despite a comparative scarcity of studies 
on urban reptiles (Müller, Ignatieva et al. 2013), a ~600 page “Urban Herpetology” 
compilation volume (Mitchell, Jung et al. 2008) offers a comprehensive overview of 
human activities and their respective impacts, including habitat fragmentation, road 
effects, pollution, invasive species, and the utility of novel habitats such as golf courses.  
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The differing physiologies and natural histories of amphibians and reptiles 
predictably resulted in different study areas, methodologies, results, conservation 
implications, and future research priorities (also see Barrett and Guyer (2008)). Thus, the 
first part of this review chapter will be focused on what we have (and have not) learned 
about urban reptile ecology since the publication of “Urban Herpetology” in 2008. This 
book made a commendable and prescient effort to include studies of urban wildlife 
population management, environmental regulations, community education and 
participatory research, bringing it closer to the most recent trends in urban sustainability, 
known as ecology for the city. This places an emphasis on research that (from the outset) 
integrates urban planners, engineers, local stakeholders, and scientists to improve urban 
habitats for all organisms, and lessen the ecological hazards associated with built 
environments. An emerging research topic with particular relevance to reptiles is the 
threat posed by the urban heat island effect (UHI). This phenomenon subjects organisms 
living in cities to higher temperatures than those from rural populations, but only a few 
studies have investigated UHI effects on ectotherms. Thus, the second half of this review 
will broaden the ecological context to explore the relationship between our variable urban 
thermal environments, and how organisms may adapt to, migrate away from, or locally 
exploit them. 
 
Where Are They (and Where Haven’t We Been Looking)? 
Most recent studies of urban reptiles continue the trend of being situated in 
relatively natural parks, streams, forest fragments and other green spaces in or near cities 
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(Meshaka, Smith et al. 2007; Barrett and Guyer 2008; Vignoli, Mocaer et al. 2009; 
Garden, McAlpine et al. 2010; Banville and Bateman 2012; Bogosian, Hellgren et al. 
2012; Hunt, Guzy et al. 2013; Sullivan, Sullivan et al. 2014). This is partly due to urban 
reptile densities typically being highest in these areas (sometimes even radically 
exceeding the biomass of natural habitats) (Ackley and Meylan 2010), but it is also a 
likely an artifact of urban ecology’s relative youth as a field and its basis in applying 
traditional ecology theories within city limits. Island biogeography is one of the most 
common themes, where semi-natural areas are treated as islands with varying sizes and 
degrees of isolation floating amidst a seemingly inhospitable urban sea (Vignoli, Mocaer 
et al. 2009; Faeth, Bang et al. 2011). However, this very solid urban matrix is fully 
capable of supporting reptile populations. 
Studies in residential areas that often constitute the majority of a city remain rare 
(Ackley, Angilletta et al. 2015), as are those that include multiple urban land cover and 
use types (Ackley, Muelleman et al. 2009; Pulev and Sakelarieva 2013), have random 
study site locations (Germaine and Wakeling 2001; Ackley, Wu et al. 2015) or cover 
larger regions that include multiple cities (Meshaka 2011). Interestingly, a bell-curved 
pattern has already emerged from the few available studies where terrestrial reptile 
diversity increases when moving from natural areas into subtly modified habitats near the 
urban fringe, before declining in heavily developed areas (Germaine and Wakeling 2001; 
Ackley, Muelleman et al. 2009; Ackley, Wu et al. 2015), a pattern not simply driven by 
the presence of exotic species but by biophysical variables and processes like 
disturbance. These larger scale studies will certainly become more practical with the 
increasing use of bulk data collection methods such as camera traps (Pagnucco, 
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Paszkowski et al. 2011) and citizen science observation networks (Price and Dorcas 
2011; Cunningham, Davis et al. 2012). 
 
What Are They (Not) Doing? 
Possible shifts in the behavior, physiology, and community demographics of 
reptiles living in urban areas have received less attention than in birds, but urban lizards 
may have lower levels of stress hormones and less symmetrical bodies (French, Fokidis 
et al. 2008; Lazić, Kaliontzopoulou et al. 2013). Both measures are related to external 
stressors, however neither have a straightforward cause and effect relationship. Bilateral 
symmetry should be lower in highly stressed populations, but it is influenced by many 
other variables. One would think that stress levels would be higher in urban populations 
regularly exposed to novel disturbances and predators, but the observed reduction in 
corticosteroids could have resulted from higher resource availability in urban habitats or a 
down-regulated stress response due to frequent exposure.  
Lower and less variable flight initiation distances in urban lizards compared to 
rural populations support the hypothesis that urban reptiles are down-regulating their 
responses to stressors (as novel disturbances like walking humans no longer present a 
high predation risk), allowing for greater resource acquisition time (Grolle, Lopez et al. 
2014). Predation is one of the few multi-species processes which have been investigated 
for urban reptiles. In Florida, explosive population increases of invasive green iguanas 
occurred when raccoon population control efforts effectively eliminated their sole 
predator (Meshaka, Smith et al. 2007). Florida’s vast number of introduced reptile 
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species will doubtless make it a test case for the idea that urbanophilic species already 
thriving in cities should be actively removed and restricted from semi-natural urban 
areas. Should we make these spaces more attractive to urbanophobic native species, 
which may soon require alternative conservation initiatives in the face of continual 
habitat loss (Rosenzweig 2003; Meshaka 2011)? 
Urban Heat Islands 
The study of rising temperatures as a result of the urban heat island (UHI) effect 
(and climate change to a lesser extent) has been heavily focused on how organisms 
(primarily humans and plants) modify their biophysical environment and surrounding 
thermal landscape. The resulting impacts of higher temperatures on urban organisms have 
received much less attention (Youngsteadt, Dale et al. 2015). “Urban Herpetology” 
makes one brief uncited mention of the UHI as a pollutant like noise and light that might 
reduce habitat quality (Mitchell, Jung et al. 2008). At the time, the UHI was an “unknown 
unkown” for reptiles: we didn’t know if it was a problem and hadn’t even thought about 
solving it. Soon afterwards, we learned that only a 2 oC increase in global temperatures 
would not just act as a pollutant and reduce habitat quality, but could effectively result in 
habitat loss and fragmentation on a massive scale with the potential to drive almost half 
of all global lizard populations extinct by 2080 (Sinervo, Mendez-de-la-Cruz et al. 2010).  
Existing UHIs have already surpassed many pessimistic 100-year global warming 
predictions, and temperatures in Phoenix, AZ, USA, have currently reduced potential 
summer lizard surface activity to an hour or two per day in xeric landscapes (Ackley, 
Angilletta et al. 2015). Phoenix’s 3-4 oC UHI does not yet seem to have resulted in a 
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citywide reduction in lizard diversity and abundance, possibly due to the many patches of 
mesic landscapes that are 10-15 oC cooler and still allow for continual activity (Ackley, 
Wu et al. 2015). This raises the point that global lizard extinctions have already been 
partially mitigated by the assumptions of previous studies that lizards would not move to 
cooler habitats, shift their activities to cooler seasons, or undergo physiological or genetic 
adaptation (Sinervo, Mendez-de-la-Cruz et al. 2010; Urban, Richardson et al. 2014). Thus 
the UHI is now a “known unknown” for reptiles, we know it’s potentially a serious 
problem, but not what can or should be done to solve it.  
Some useful future research directions may be found in the small but growing 
number of studies on how other organisms react to the UHI. For instance, smaller urban 
species with shorter generation times are already adapting to higher temperatures. 
Compared to rural populations, four urban fungi species grow faster at higher 
temperatures and one urban ant species tolerates heat better, suggesting that the UHI is 
driving increased performance at higher temperatures (McLean, Angilletta Jr et al. 2005; 
Angilletta, Wilson et al. 2007). These changes are also having an effect on one of the 
largest and oldest urban organisms in what is probably the best studied system of its type: 
that of UHI effects on trees, parasitic scale insects that feed on trees, and second-order 
“hyperparasites” that feed on scale insects.  
Trees are one of the most effective UHI mitigation strategies, and along an urban 
temperature gradient in Raleigh, NC, USA, trees from warmer areas grow faster but also 
are more water stressed and in worse condition (Dale and Frank 2014). Tree condition 
was primarily related to the presence of scale insects, which in turn were strongly 
influenced by temperature. Warm areas of the city had 13 times more scale insects than 
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cool areas. When raised in a warm greenhouse during a reciprocal transplant experiment, 
urban scale insects taken from warm areas had higher reproductive rates than those taken 
from cool areas. The rate of hyperparasitism on the scale insects did not vary with 
temperature, but hyperparasites were more common in warmer urban areas as a result of 
increased host abundance (Meineke, Dunn et al. 2013). When comparing Raleigh and the 
surrounding rural area, scale insect abundance peaked at a certain temperature, but their 
density was highest in the city (Youngsteadt, Dale et al. 2015).  
Increasing urban soil temperatures by ~2.5 oC resulted in a 10% increase of the 
leaf area index of trees in Manchester, UK, and a 13% increase in evaporative water loss 
despite the increased water stress of higher temperatures, presumably resulting in 
improved environmental cooling from a UHI mitigation standpoint (Rahman, Armson et 
al. 2014). This factorial experiment simultaneously investigated the influence of 
urbanization by compacting the soil around certain trees and installing concrete 
flagstones near the trunk. Pavement can create a soil UHI effect of up to 20 oC and extend 
the growing season — this treatment resulted in a 20-30% increase in annual tree growth 
but it also reduced water loss and associated environmental cooling. 
 In a parallel with research on global warming, mobile organisms are adaptively 
responding to the UHI by shifting their behavioral patterns, often to exploit geographic 
areas and temporal periods that would have otherwise have been too cold. Arrival dates 
of migratory bird species have traditionally been later in cities than the surrounding rural 
areas, but the UHI effect seems to now be driving a shift towards earlier arrival times in 
cities than rural areas (Tryjanowski, Sparks et al. 2013). Elevated temperatures likely 
contribute to urban plants flowering earlier than their rural counterparts, though differing 
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soil moisture and atmospheric CO2 levels likely play a role (Neil, Landrum et al. 2010; 
Buyantuyev and Wu 2012). Of course the UHI is a driver of all three of these variables, 
and in turn is driven by them. Warmer urban temperatures also increase the potential for 
sandflies to survive the winter, which may explain isolated populations in Paris, France, 
and Budapest, Hungary, both of which lie north of the usual range limit for Phlebotomus 
species (Trájer, Mlinárik et al. 2014). As sandflies are the primary vector of 
leishmaniasis, this may represent another public health concern driven by UHI, which is 
already linked to heat stroke and respiratory ailments in humans (Harlan, Brazel et al. 
2006). 
 
Who Will Win and When? 
These varied examples of physiological adaptation, behavioral modification, 
geographic range shifts and altered seasonal activity patterns all suggest that many 
organisms have the potential to mitigate their exposure to the UHI effect and climate 
change. While physically isolated populations close to the equator that have adapted to a 
narrow range of tolerable temperatures may be at an increased risk of extinction, it is 
doubtful the assumptions behind Sinervo’s prediction of a 40% decline in global lizard 
populations will hold (Sinervo, Mendez-de-la-Cruz et al. 2010). Species currently limited 
by cold will likely benefit from the UHI, as long as they can survive increased summer 
temperatures.  The rate of environmental change in cities will doubtless produce sets of 
winners and losers over the next century, but one thing is certain: there has never been a 
better time to be an urban herpetologist. 
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Pied Beauty — Gerard Manley Hopkins (1877) 
Glory be to God for dappled things— 
For skies of couple-colour as a brinded cow; 
For rose-moles all in stipple upon trout that swim; 
Fresh-firecoal chestnut-falls; finches’ wings; 
Landscape plotted and pieced—fold, fallow, and plough; 
And áll trádes, their gear and tackle and trim. 
 
All things counter, original, spare, strange; 
Whatever is fickle, freckled (who knows how?) 
With swift, slow; sweet, sour; adazzle, dim; 
He fathers-forth whose beauty is past change: 
Praise him. 
 
A park by any other name 
The Eckerd College campus in St. Petersburg, Florida, is a beautiful waterfront 
“landscape plotted and pieced” with exotic palm trees, native mangroves, manicured 
grass sports fields, an imported white sand beach, and one vestigial patch of “wild” xeric 
scrubland.  In 1996 and 2004, two stormwater retention ponds were constructed to 
contain polluted runoff from parking lots.  Eckerd’s administration viewed them solely as 
a natural wastewater treatment plant. While not an urban park in name or design, this 
green infrastructure project came to resemble one in form and function through natural 
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processes — a novel ecosystem of animals, fish, and plants quickly became established, 
including endangered shorebirds and one of the densest snake populations ever found 
anywhere in the world (Ackley and Meylan 2010). Biology students and I began using 
the ponds for ecological research and saw the area as a nature preserve. Staff members 
with crab traps began using it for urban aquaculture, and many people used it for 
recreational fishing. The administration was unaware of these user groups; management 
of grounds was subcontracted, and management of the ponds was sub-subcontracted. 
Unfortunately, the predominant vegetation type was invasive species of cattail grass, and 
the sub-subcontractor herbicided the area to comply with a regulations that prohibit 
propagating invasive species.  
Top-down management of this novel ecosystem for one variable had unexpected 
consequences. The snake population declined by more than 50%, and the herbicide 
rendered fish unsafe for human consumption. The sub-subcontractor was not aware that 
anyone would be impacted by their actions, and did not publicize them. This situation 
came to widespread attention when students (wielding newfound knowledge and power) 
suggested that the institution had unknowingly harmed endangered species and risked 
poisoning pond users. Eckerd promptly collaborated with us, grounds keepers, and the 
faculty environmental affairs committee to develop a more comprehensive management 
plan. 
 
Universal elegance or dappled pragmatism? 
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Research on decision-making, institutions, and social organization will become 
increasingly useful within the dappled field of urban ecology for reasons beyond 
resolving this type of site-specific dispute over habitat management goals. As scientific 
literacy within the general public grows and stakeholders of urban green-space 
proliferate, scientists who increasingly conduct research in urban areas will find they 
wield less power and authority than in a traditional laboratory or wilderness setting 
(Gieryn 2002), particularly in cities without an extensive history of urban studies (Gieryn 
2006). Simultaneously, these competing groups will point out the uncertainty in our 
ostensibly immutable laws of science, which will become less useful as the explanatory 
power of relatively well understood biophysical variables declines and socioeconomic 
variables begin to dictate the distribution and abundance of organisms in cities (Luck, 
Smallbone et al. 2009). But this is actually a good thing for ecology and adaptable 
ecologists.  
Our field has been described as “deeply envious” of physics and other sciences 
that have produced an extensive library of universal laws based on highly simplified 
model systems; while we have been more successful at producing general patterns 
gleaned primarily from very large and very small scale studies (Cartwright 1999; 
Scheiner and Willig 2008). At the medium-scale of analysis exemplified by community 
and urban ecology, we have had even less success producing general patterns that hold 
across ecosystems but we have gotten a great deal of practice dealing with complex 
problems that can only be solved locally (Lawton 1999). This type of place-based 
research underpins most urban sustainability initiatives and positions ecologists to make 
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meaningful contributions to the future shape of cities. Unfortunately, the relevant 
institutional training in applied transdisciplinarity for scientists is limited at many 
schools, and when present, is often available only for a chosen few in exclusive programs 
like the National Science Foundation’s sadly defunct IGERT program (Integrative 
Graduate Education and Research Traineeship). 
 
“Whatever is fickle, freckled (who knows how?)” 
Programs such as this produce dissertations such as mine: a collection of projects 
tied together less by similar results and subject matter, but more by patterns of variability 
and uncertainty where consistently optimal decisions are impossible. This type of 
research produces a broader skill set, which not only allows for complimentary findings 
between projects—it sometimes allows for the findings in the first place. When inter-
departmental budget disputes resulted in the imminent closure of one of my study sites at 
North Desert Village, I was reminded of my study of retention ponds at Eckerd College. 
This time however, I was already working with the decision-makers in question, and 
knew what they were planning in advance. As a result, I was able to use some of the 
process-knowledge from my study of urban parks to convince the powers that be to 
extend the closure deadline, and since then, the budget dispute has been resolved and this 
unique study site remains open.  
This in turn allowed me to discover that temperature variability had a much 
greater influence on lizards at North Desert Village than average temperature, and I was 
able to use this information to solve a vexing problem in my large scale study of lizards 
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across Phoenix, AZ. Average temperature was variable of particular interest for this 
study, but it was so highly correlated with other important land-cover variables that 
including it would have called my results into question. Temperature variability across 
Phoenix was a much more independent variable, and since it was more relevant to lizards 
anyway, which solved a statistical and biological problem simultaneously. 
 
“áll trádes, their gear and tackle and trim” 
 With funding for science becoming increasingly competitive, knowing how to 
find and successfully apply for money from sources outside your own field is an 
omnipresent challenge of interdisciplinary work; though dedicated funding programs are 
becoming a reality. Even so, many of these programs are targeted at fostering 
collaboration and networking, rather than data collection and analysis. Approximately 
two percent of my $US100,000 IGERT fellowship (Integrative Graduate Education and 
Research Traineeship) was actually intended to support research activities—and I had no 
idea where to look for money to do an urban environmental ethics project, which was the 
original conception of my paper on urban park design. My solution was to acquire 
enough disciplinary funding from traditional sources such as the EPA, and then use what 
was left over to support a project in a field that surprisingly doesn’t exist. One of the 
biggest surprises in my entire dissertation was the realization that environmental ethicists 
are still refusing to join ecologists in their migration to urban habits, despite sharing a 
historical basis in wild areas and a veneration of pragmatic environmentalists like Aldo 
Leopold (Light 2001; Light 2003). 
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 Surprisingly, nonhuman urban organisms also seem to care about money. While 
the distribution of lizard species across Phoenix does not yet seem to be influenced by 
temperature, they are strongly linked to a neighborhood’s median household income. 
People with higher median household incomes can choose to live in a wider range of 
environments, and can modify their surroundings to a greater degree. This type of 
totalitarian control over a small piece of a larger landscape has great promise for micro-
conservation initiatives in urban habitats, and in larger regions where stewardship 
authority is held by a small number of powerful individuals. The challenges of passing 
cross-border and nationwide environmental legislation (Duffy 2005), coupled with the 
novel species assemblages and locally designed habitats of urban ecosystems, means 
“several small” environmental management projects can be particularly effective in 
cities, as opposed to the “single large” paradigm of protecting wilderness areas. Sadly, 
the historical design and management of urban parks has typically not exploited one of 
the main advantages of the several small model: rapid adaptive capacity. Again and 
again, parks “whose beauty is past change” have remained the same while their 
ecological utility declines with continued local and global changes. 
 
Global Southward Bound 
 Backyard landscaping and its associated ecology (or lack thereof)  is typically 
thought of as being directed by the homeowner. However, in places like Phoenix, AZ, the 
majority of residences are part of a larger homeowners association, which often restrict 
the planting of invasive species. Extreme examples of this are research areas like North 
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Desert Village, and college campuses like Eckerd, which have near complete control over 
planting and vegetation removal, employ pest control specialists, and often include 
“natural” areas designed to attract and support rare native species. Interestingly, they also 
have a degree of control over human population demographics such as immigration and 
emigration, much like one of the most successful conservation programs of all time: the 
Galapagos Islands.  
While the government of Ecuador is not known for having a thriving economy, a 
stable political system, or an exemplary record on human rights, they have become one of 
the only countries to grant legal protections to natural ecosystems in their constitution. 
Less than three percent of the Galapagos land area can be built or lived upon, and 
residency is only conferred on those who are born there. While the lack of transparent 
democratic process may be distasteful, the majority of new cities will be built in 
developing countries, many of which lack coherent environmental policies and 
enforcement mechanisms. Their many small decisions will be made locally, and could be 
influenced by those who simply show up. Urban ecology and global conservation will 
have some of their greatest challenges and opportunities in these spaces over the next 
century. Chief among them will be finding funding to do conservation work in these 
areas (and offset the associated opportunity costs), but as has been proved by Ecuador, 
profit is possible. 
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All animal use was approved by the Institutional Animal Care and Use Committee 
protocol #11-1186R (see document attached below). All copyrighted information herein 
was reproduced under “fair use” for non-profit and educational use. 
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